characteristics of the sources used for intracavitary applications were similar and their activities were of the same order of magnitude. Typically, the elementary radium tubes most frequently used were 1.5 to 2.2 cm long, with source strengths ranging from 5 to 20 mg of radium and a total Pt filtration of 1 to 2 mm (see Appendix) .
The replacement of radium by 137Cs, 192Ir and 60CO may be accomplished according to two options. In the first option, the new sources (mainly 137CS) are similar in size and shape and have an output similar to radium sources. The same technique of application can then be applied and the clinical experience gained with radium remains fully relevant. The principal advantages of the replacement of the radium concern radiation protection' these include no contamination from leakage and les~ shielding in the case of 137CS and 192Ir.
The second option takes advantage of the improved technology in the preparation of the sources, the increased specific activities available with artificial radionuclides and the technical possibility of making miniaturized sources. These new types of source are designed to allow the use of new and better techniques of application, for instance, afterloading, and to improve the dose distribution by providing, for instance, greater flexibility in the selection of the relative source activities, source lengths or both.
In addition, the large range of source activities at present available allows the therapist to modify completely the time-dose pattern of application. Irradiation times ranging from 6 to 8 days, with radium in the Paris system, could be reduced to a few minutes (O'Connell et al., 1967) . Thus, continuous low dose-rate irradiation can be replaced by fractionated high dose-rate irradiation. It should be stressed that such drastic changes in the time-dose pattern require a modification of the total dose and that the clinical experience accumulated over many decades with relatively low dose-rate radium applications can no longer be applied without careful evaluation, not only as far as normal tissue tolerance is concerned, but also for effects on the tumor.
Simulation of Linear Sources
In many of the modern application devices, linear sources are simulated by a set of point sources. These point sources may be of equal activity and equally spaced, thus simulating a uniform linear activity. In other applications, more complex arrangements are 4 used, involving different activities or different spacing in order to modify and improve the shape of the relevant isodose surfaces (Cardis and Kjellman, 1967; Chassagne et al., 1969; Bjornsson, 1980; Van der Laarse, 1981) .
In the simple case where a linear source is simulated by a series of regularly spaced point sources of equal activity, each point source is equivalent to a given length of the linear source. The linear source simulated by the point sources is longer than the distance between the extreme point sources (see Figure 2 .1). At distances larger than half the spacing between the point sources, the dose distribution around the point sources is similar to that around a linear source of the same total activity (Dutreix and Wambersie, 1968) .
Linear sources can also be simulated by moving point sources of appropriate activity. Variations of the type of movement, continuous or stepwise, of the speed and dwell times of the source at different positions, will modify the shape of the isodose surfaces (Henschke et al., 1966; Joslin et al., 1969; Twiss and Bradshaw, 1970; Busch, 1973; Busch et al., 1977; Himmelmann et al., 1980; Von Essen, 1980) .
Dose Rates
In conventional brachytherapy with radium tubes, the dose rate at the point or surface where the dose is prescribed, lies between 0.4 and 2 grays per hour. It is common practice to refer to this type of treatment as low dose-rate brachytherapy.
The introduction of remote afterloading devices into clinical medicine (see Section 2.1.4. below) has pre-
• ::;VI sented an opportunity for investigating different dose rates and, in particular, very high dose rates. In this Report, the term high dose rate refers to any dose rate higher than 0.2 gray per minute (12 grays per hour), although it usually refers to dose rates as high as 2 to 5 grays per minute, i.e., treatment sessions of a few minutes duration. Some radiotherapists are now exploring intermediate dose rates, between 2 and 12 grays per hour and we propose to refer to such dose rates as medium dose rates.
Such definitions of low dose rate, medium dose rate and high dose rate are arbitrary and debatable. In this connection, it must be stressed that the treatment duration should always be clearly reported (see Section 4).
Afterloading Techniques
Modifications of application techniques in intracavitary therapy are often made for purposes of radiation protection. As already discussed, some advantage is obtained by replacing radium by ')I-emitters of lower energy (the shielding problems are easier and the risk of contamination is also avoided). However, the main improvement in radiation protection derives from the introduction of afterloading techniques.
In afterloading techniques, unloaded applicators or guides are introduced into the patient cavities, according to a chosen plan and without exposure of the staff. The treatment sources are inserted later, after the position of the applicators has been radiographically checked using dummy sources. The dose distribution can also be computed so that the position of the guides can be corrected if necessary before the sources are inserted.
Afterloading techniques help to ensure the correct and safe positioning of the radioactive sources in the patient, in addition to facilitating the transfer of the sources to and from a shielded storage container. Afterloading techniques may be manual or remotely controlled.
In remotely controlled afterloading techniques, source insertion and removal are operated from a control panel distant from the patient, thus eliminating exposure of the clinical staff. With some of the more advanced devices, the sources are automatically retracted into the storage container when the door of the patient's room is opened. While either manual or mechanical afterloading techniques may be used for low dose-rate applications, remote afterloading techniques are mandatory for medium and high dose-rate applications in order to ensure good radiation protection of the staff.
Afterloading is an important aspect of intracavitary therapy. Moreover, as more centers are now adopting 2.2 Absorbed-Dose Pattern and Volumes • •• 5 afterloading techniques as well as modifying their irradiation procedures, attention needs to be given to the problems of dose specification and dose-time relationships. As already stressed, the clinical experience accumulated with radium techniques cannot be applied to new irradiation conditi{)ns without careful consideration.
2.2 Absorbed-Dose Pattern and Volumes
Absorbed-Dose Pattern
The pattern of the absorbed dose to the soft tissue in intracavitary therapy differs from the dose pattern encountered in external therapy. In external beam therapy, one aim is to reduce variations in dose over the target volume. In general, variations greater than ±10% are not deemed acceptable. Outside the treatment volume the dose falls off more or less steeply. For example, pelvic irradiation with a 60Co "box technique" (see Figure 2 .2a) produces a dose distribution within the treatment volume which is rather flat; the dose falls off rapidly at the edges of the treatment volume and in the lateral directions (Fields 3 and 4) remains fairly constant at about 30% of the dose at the center of the treatment volume. With intracavitary therapy, the dose is maximum adjacent to the sources and at the center of the treated volume, and it falls off continuously with distance from the sources. Consequently, the size of the treatment volume cannot be deduced from a simple inspection of the isodose pattern. Therefore, the radiotherapist has to indicate which dose level defines the treatment volume. In Figure 2 .2c, the absorbed dose has been arbitrarily normalized to 100% at a distance of 2 cm from the uterine axis in order to allow a comparison of the absorbed dose patterns. Although the dose gradient (dose change per unit distance) at the border of the treatment volume is similar for either technique, as shown in Figure 2 .2c, the dose patterns differ substantially within the treatment volume as well as in healthy tissues distant from the treated region.
Volumes
The definitions given in ICRU Report 29 for external beam therapy will be modified where necessary for intracavitary therapy situations.
Target Volume
The target volume contains those tissues that are to be irradiated to a specified absorbed dose according to a specified time-dose pattern. For curative treatment, the target volume consists of the demonstrated tumor(s), if present, and any other tissue with presumed tumor.
For any given situation, there may be more than one target volume. This is particularly the case for treat- ment of cervix carcinoma where, depending on the extent of disease, some target volumes may be treated partly or totally by an intracavitary application, while others are treated mainly by external therapy, The target volume(s) must always be described, independently of the dose distribution, in terms of the patient's anatomy, topography and tumor volume, For the purpose of reporting intracavitary treatment, that part of the target volume which has to be irradiated by means of intracavitary application should be separately described, It should also be stated whether this volume will receive treatment only by intracavitary application or will receive treatment by both modalities. The physical dimensions of the target volume must be given. Examples illustrating target volumes in patients with carcinoma of the cervix are given in Figure 2 .3.
Treatment Volume
The treatment volume is defined as the volume enclosed by a relevant isodose surface selected by the radiotherapist, and encompasses at least the target vol-ume. In intracavitary therapy, it is not feasible to express the value of the isodose surface enclosing the treatment volume as a percentage of the dose at any point within the treatment volume. This is because of the steep dose gradient around the sources and the variation encountered in the techniques used. It is necessary to plan the treatment to include the target volume within the treatment volume.
Reference Volume
The reference volume is defined as the volume enclosed by the reference isodose surface. In order to facilitate intercomparisons between radiotherapy centers, it is necessary to agree upon a reference dose level. The treatment dose level defining the treatment volume may be equal to or different from this reference dose level. For reporting intracavitary therapy, it is necessary to determine the dimensions of the reference volume.
Irradiated Volume
The irradiated volume is that volume, larger than the treatment volume, which receives an absorbed dose pear-shaped treatment volume encompasses the target volume. Additional methods such as combined surgery or combined external radiation may be used. B-Tumor volume (hatched): 9 cm X 5 cm X 4 cm. The target volume for brachytherapy will only include the major parts of the tumor volume. but will include the whole uterus. To treat the rest of the tumor volume and further subclinical disease throughout the pelvis and the regional lymphatics. external beam therapy will be used. and brachytherapy will be used as boost therapy.
considered to be significant in relation to tissue tolerance. The significant absorbed dose level can be expressed as a percentage (e.g., 50%) of the agreed dose level (see Section 3.3.2.a).
Organs at Risk
Organs at risk are those radiosensitive organs in or near the target volume which would influence treatment planning and/or the prescribed dose. For example, in an intracavitary application for cervix carcinoma, the main organs at risk are rectum, bladder, ureters and possibly sigmoid colon.
Specification of Radioactive Sources
It is recommended that radioactive sources be specified in terms of "reference air kerma rate". The reference air kerma rate of a source is the kerma rate to air, in air, at a reference distance of 1 meter, corrected for air attenuation and scattering. For this purpose this quantity is expressed in J.
LGy·h-1 at one metre.
The total reference air kerma is the sum of the products of the reference air kerma rate and the duration of the application for each source.
